This work is original, unpublished, and is not being considered for publication elsewhere. Submission of this work has been checked and approved by all the co-authors.
Thank you for your consideration.
Sincerely yours,
Xianjin Feng
Cover Letter
• High quality singe crystalline Cu 2 O films were deposited on MgO (110) substrates by PLD.
• The influence of oxygen pressure on the film properties was studied.
• A low resistivity of 6.67 Ω·cm with a high Hall mobility of 23.75 cm 2 ·v -1 ·s -1 were obtained.
• The optical band gap of the films varied from 2.33 to 2.57 eV.
*Highlights (for review)
Dear Editor and Reviewer:
Thank you very much for giving us the opportunity to revise our manuscript entitled "Pulsed-laser-deposited, single-crystalline Cu 2 and suggestions are all valuable and helpful for revising and improving our paper. We have studied the comments carefully and have made corrections which we hope will meet with approval.
Our responses to the Reviewer's comments are as follows: . Even small strains of 1.4% will effect a distortion in-plane and, thus through Poisson's ratio also out-of-plane, in the film material. This is clear. The {111} directions in the film and substrate will be close to but not exactly parallel because of this distortion. In the response to comment 1 in the first review the authors write "As can be seen in Fig. 2 
Introduction
Depending on the crystal bonding and structure between the metal cation and oxygen, metal oxides show quite different functional properties. Metal oxides could exhibit magnetic, insulating, conducting and semiconducting properties [1] . Metal oxide semiconductors were applied to fabrication of various devices such as light emitting devices, thin film transistors (TFTs) and solar cells [2] . Cuprous oxide (Cu 2 O)
is a well-known p-type semiconductor. It has a direct band gap (E g =2.0-2.6 eV) [3] [4] [5] [6] [7] and can exhibit a hole mobility exceeding 100 cm 2 ·v -1 ·s -1 at room temperature [8] .
Cu 2 O is also regarded as one of the promising functional materials for its abundance, nontoxicity and large optical absorption coefficient [9] . There are many reports on [16] .
During the past years, in order to obtain high quality Cu 2 O films, many methods such as sputtering [5] , thermal oxidation [10] , evaporation [17] , molecular beam epitaxy [18] , and electrodeposition [19] have been used. Due to the high kinetic energy of the ionized and ejected species in the laser produced plasma, pulsed-laser deposition (PLD) technique could deposit highly oriented crystalline films at low substrate temperatures [20, 21] . Furthermore, PLD is very suited to stoichiometric growth due to its operating far away from equilibrium [22] . However, until now, there
are only a few reports on Cu 2 O films prepared by PLD and the influence of oxygen pressure (P O 2 ) during the deposition on the film properties was especially rarely studied [23, 24] . Moreover, the reported pulsed-laser deposited Cu 2 O films usually had high electrical resistivities in the range of 10 2 -10 5 Ω·cm [24] [25] [26] , which are not suitable to be used in both solar cells and thin film transistors. It is well-known that the optimum resistivity for the absorber layer in a solar cell is around 0.1-1 Ω·cm [27] . While for high performance thin film transistors, the typical carrier concentration of the channel layer is usually in the range of 10 16 -10 17 cm -3 [28, 29] with a Hall mobility higher than 10 cm 2 ·v -1 ·s -1 (normally the higher the better), leading to a resistivity value lower than 10 2 Ω·cm.
In this work, copper oxide films were prepared on MgO (110) 
Experimental
High vacuum PLD system with a KrF excimer laser (wavelength: 248 nm, pulse Pa. The laser energy density was ~6 J/cm 2 at the target surface. Growth condition was varied in the range of P O 2 =0.02-0.12 Pa at a fixed substrate temperature of 600℃,
where Cu 2 O is the stable phase in a phase equilibrium diagram [31] .
The out-of-plane θ-2θ and in-plane Φ and 2θχ-scans were measured using respectively the Rigaku and Philips X'Pert PRO X-ray diffractometers (XRD) to determine the crystalline quality and epitaxial relationship. A FEI Nova NanoSEM 450 field emission scanning electron microscope (SEM) was used to observe the surface morphology. The atomic arrangements across the substrate-film interface were observed using high resolution transmission electron microscopy (HRTEM) and selected-area electron diffraction (SAED) with a Tecnai F30 transmission electron microscope operated at 300 kV. The chemical composition was measured by the X-ray photoelectron spectroscopy (XPS) using an ESCALAB MK Ⅱ multi-technique electron spectrometer. A TU-1901 double-beam UV-vis-NIR spectrophotometer was used to measure the optical transmittance. The electrical properties were measured by
Van der Pauw method. The crystallinity of the as-grown copper oxide films was investigated by XRD. It is well-known that the Cu-O phase is strongly influence by the thermodynamic conditions (substrate temperature and oxygen pressure). However, for the non-equilibrium physical vapor deposition process PLD, the increase of total chamber pressure i.e. the oxygen pressure in our study can also alter the plasma dynamics by changing the target-to-substrate transport from the ballistic to the diffuse regime, which in turn can result in the formation of different Cu-O phases [32] . Therefore, the Cu-O phase transition in our study could be attributed to the combination of pressure related kinetic and thermodynamic effects. The results of XRD measurement reveal that the film structure and crystallinity are strongly influenced by oxygen pressure and the 0.09 Pa-deposited film has the best crystalline quality. Fig. 1(b) , submicron particles can be observed on the surface of the 0.02 Pa-deposited film, for which metallic Cu that mainly exists at the surface of the particles is assumed to act as a catalyst of their growth [32] . Fig. 1 (c) exhibits irregular grains and disordered grain edges due to the polycrystalline structure of this sample. In Fig. 1(d) , a compact surface with regularly-shaped islands and well-defined boundaries could be observed, which corresponds to the best crystallization of the sample prepared at 0.09 Pa. A surface with ill-defined grain formation is observed for the film deposited under 0.12
Results and discussion
Pa as shown in Fig. 1(e) , due to the mixed phase of this sample as revealed by the XRD analyses. As mentioned above, the plasma dynamics and therefore the growth mode of the films in our study can be influenced by the different oxygen pressures.
The variation of growth mode together with the Cu-O phase transition will result in the different observed film surface morphologies. The SEM analyses illustrate obviously that the oxygen pressure has a strong influence on the film morphology and crystallinity, which are consistent with the XRD results. The cross-sectional TEM measurements were performed to further study the atomic arrangements and microstructure of the sample deposited under P O 2 of 0.09 Pa.
From the low magnification TEM image as shown in Fig. 3(a) film crystallinity is improved with fewer structural defects present, which will subsequently decrease the light scattering and the defect level related light absorption.
Both factors mentioned above may lead to the high transmittance of these two films.
As the P O 2 increases further to 0.12 Pa, resulting from the presence of CuO (E g = 1.2-2.0 eV) [35] and degraded crystallinity, the transmittance of film decreases obviously. In addition, much sharper absorption edges are observed for the pure Cu 2 O films than the films having impurity phases. Fig. 5(b) shows the Tauc plots of the copper oxide films. The band gaps of copper oxide films are estimated with Tauc's equation for direct transition gaps in semiconductors given by [36] where α is the absorption coefficient, A is a material dependent constant, h is the Planck constant, ν is the frequency and E g is the optical energy band gap. The absorption coefficient α can be calculated from the thickness (d) and transmittance(T) of the film by using the well-known equation of [37] Therefore, the E g values can be derived through plotting (αhν) 2 vs.hν followed by extrapolating the straight-line portion of this plot to the energy axis as exhibited in the values and variation tendency in our study are similar to the results of previously reported works [7, 38] . 
